We have isolated the human homologue of the murine erthropoietin receptor (mEPO-R) from an erythroleukemia line, OCIM1, and from fetal liver. Both the cDNA and protein sequence of the human receptor were 82% homologous to the mEPO-R. Heterologous expression of the human cDNA in COS cells yielded a protein of about 66 Kd. The protein could be specifically immunoprecipitated with either an antibody raised against the amino terminus of mEPO-R or by a monoclonal antibody that bound EPO RYTHROPOIETIN (EPO), a glycoprotein of molecu-E lar weight 34,000 daltons, is the principal factor inducing proliferations and differentiation of erythroid progenitors. However, the regulation of endogenous levels of EPO, the expression and cellular distribution of the cell surface receptor, and the structure and mechanism by which the EPO/receptor complex induces erythropoiesis is unknown.
selected RNA isolated from OCIMl cells by previously described methods." Clones, 180,000, were screened using a KpnI full-length fragment of mEPO-R1-' (clone 190) at 55OC. Eight positives were detected; two clones, nos. 18 and 27, were sequenced.
Human fetal liver cDNA,I6 15ng, was subjected to 40 cycles of amplification with 5'and 3'-primers (GGGAATTCATGGAC-CACCTCGGGGCGTCCCTC and GGGAATTCCTAAGAG-CAAGCCACATAGCTGGG, respectively) based on sequence data from clone no. 18 and containing EcoRI ends. The primers were annealed at 5OoC and extended for 5 minutes using GeneAmp reagents and the Perkin-Elmer/Cetus thermal cycler. A 1.5-kilobase (kb) band was isolated, digested with EcoRI, and ligated into pM21. Twenty-four clones were selected at random; five were positive by restriction analysis and one was sequenced.
The region containing the intron sequence in clone no. 18 was substituted with the corresponding region from clone no. 27, yielding p18-R with a contiguous coding sequence. COS-I cells transfected, as previously describedI5 with p18-R, were pulse-labeled 42 hours after transfection with 0.2 mCi of [-''S]methionine in 2 mL of methionine-free DMEM for 1 hour, and cells were lysed in NP-40 lysis buffer (1 mL).I7 Cell lysates, about 1 x IO6 cpm, were immunoprecipitated as described17 with either 1 pL of a rabbit polyclonal and anti-peptide antiserum raised against the amino terminus of the mEPO-R,I8 or a preformed (18 hours Immunoprecipitates were analyzed on a sodium dodecyl sulfate (SDS) 10% polyacrylamide gel under reducing conditions as described previ0us1y.l~ COS-I cells, 42 hours after transfection with pIS-R, were cross-linked as described" and analyzed on an SDS 10% polyacrylamide gel under reducing conditions as described previously. I 7 
COS cell expression and protein analysis.
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170 190 210 full-length mEPO-R cDNA (data not shown). The cDNA to this transcript was isolated by screening a cDNA library prepared from poly-A selected OCIMl mRNA, with the mEPO-R gene. Two positive clones, nos. 18 and 27, containing inserts of 1.5 and 1.2 kb, respectively, were isolated and sequenced. Clone no. 27 was incomplete at the 5'and 3'-ends of the gene when compared with mEPO-R cDNA (data not shown). Clone no. 18 was full-length and identical to clone no. 27 except for a putative intron of 95 nucleotides at nucleotides 91415 ( Fig  1A) . The nucleotide sequence of clone no. 18 contains a single open reading frame of 1,524 nucleotides encoding a 508 amino acid protein with a calculated molecular mass of 55-Kd ( Fig IA) . The cDNA and protein sequence of the putative human receptor were both 82% similar to the corresponding mEPO-R sequences. The main structural features of the human and murine receptors are conserved between species, except for an amino acid insertion between amino acids 71 through 76 and the absence of an N-linked glycosylation site, in the cytoplasmic domain, for hEPO-R ( Fig 1B) .
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To confirm the functional structure of the hEPO-R gene, two oligonucleotides were synthesized based on the sequence of the open reading frame of clone no. 18 and used to amplify the putative hEPO-R gene from human fetal liver cDNA. The sequence of the PCR clone was identical to the coding sequence of clone no. 18, except for a single T -A differ-
Sequence analysis of clones of hEPO-R.
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30 -+ence at nucleotide 235, and it did not contain the putative intron. Two other PCR clones were sequenced in this region, and both did not contain the T-A base change. Subsequently, the structure of the intron was confirmed by sequencing genomic clones isolated from a human lymphocyte libary (data not shown).
The DNA sequence containing the intron in clone no. 18 was exchanged for the corresponding region in clone no. 27 to obtain p18-R with a contiguous in-frame coding sequence. Transient tranfection of COS cells with p18-R, followed by metabolic labeling, yielded a protein of about 66-Kd. This protein was specifically immunoprecipitated with either a rabbit polyclonal antibody raised against the amino terminus of mEPO-R (Fig 2A, lane 4) or by an immune complex of EPO and the MoAb 1.4.2 (Fig 2A, lane 2) .
Chemical cross-linking of ['2SI]EP0 (molecular weight 40-Kd) to COS cells transfected with p18-R gave two bands of apparent molecular weights of 100 and 140-Kd ( Fig 2B,  lane 2) .
EPO-dependent cell-growth in BalF3 cells transfected withp18-R.
The putative hEPO-R was shown to be biologically active by preparing an EPO-dependent cell line. The mIL-34ependent pre-B-lymphocyte cell line, Ba/F3, was transfected with pl8-R, linearized with EcoRI. The resulting transfectants expressed the 66-Kd hEPO-R by immunoprecipitation of cell lysates from [3SS]cysteine-labeled cells (data not shown) and grew in either mIL-3 or EPO-
Expression of hEPO-R gene in COS cells.
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DISCUSSION
We have isolated the human homologue of the mEPO-R from the erythroleukemia cell line, OCIM1,' and from a normal tissue source, human fetal liver. As expected from the cross-species reactivity of human EPO, the hEPO-R displays a high degree of identity with the mEPO-R, particularly in the extracellular domain ( Fig 1B) . This similarity is also reflected in the cross-linking of ['251]EP0 to the hEPO-R expressed in COS cells compared with the murine homologue. In addition, an mIL-34ependent cell line, Ba/F3,I4 can be made to be EPO-dependent by transfection of the human cDNA clone for the putative receptor. This is the first evidence that the hEPO-R polypeptide can function in a murine cell line, suggesting that intracellular species-specific cofactors are not needed for EPO-R-induced signal transduction.
Of particular interest is the fact that only a 66-Kd band is specifically immunoprecipitated when the receptor is expressed in COS cells (Fig 2A) ; presumably this difference with the calculated molecular mass of 55 Kd is due to glycosylation. Cross-linking of the receptor to [ '251]EP0 on the same cells gave two bands of 66 and 100 Kd when the contribution of 40 Kd for EPO was subtracted ( Fig 2B) . Due to there being fewer than 1,000 receptors on the surface of the Ba/F3 hEPO-R cells, attempts to cross-link [1251]EP0 to the surface hEPO-R were not successful.
The presence of two cross-linked EPO-R complexes on COS cells expressing the hEPO-R raises several intriguing possbilities. First, the results may be an artifact of expression in COS cells (eg, glycosylation or other protein modification). Second, the receptor may interact with an endogenous COS protein. Third, the receptor may dimerize in the membrane. Fourth, two molecules of EPO bind one molecule of receptor based on the size of the higher molecule weight cross-linked product. Most likely the hEPO-R polypeptide interacts with a second subunit or accessory protein. For instance, it has been recently shown'* that the gp55 glycoprotein of the Friend virus binds to and stimulates the mEPO-R. This viral glycoprotein may be mimicking a normal second subunit of the EPO-R.
hEPO-R, like mEPO-R, belongs to a novel and growing family of hematopoietic growth factors outlined by For instance, the receptor has the conserved "WS-WS" sequence and a cysteine tetrad motif in the extracellular domain (Fig lB, boxed sequences) . In the cytoplasmic domain the receptor shares the proline, serine, and acidic amino acid-rich regions seen with ~o m e ,~' .~~ but not all,26,27 members of this growth factor receptor family.
The gene for the hEPO-R will provide a valuable tool to address several issues; the role of these conserved sequences in signal transduction, and the structure and physiologic relevance of the different classes of receptors on erythroid progenitors and leukemic cell lines. 
